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METHODS OF TEST FOR VITREOUS 
ENAMELWARE 

PART 2 TEST METHODS 
Section 6 Reflectance and Specular Gloss 

( First Revision ) 

0. FOREWORD 



0.1 This Indian Standard ( Part 2/Sec 6 ) ( First 
Revision ) was adopted by the Bureau of Indian 
Standards on 1 August 1988, after the draft finalized 
by the Ceramicware Sectional Committee had been 
approved by the Chemical Division Council. 

0.2 The Committee, while reviewing IS : 3972-1968, 
decided to publish this standard in two parts. Part 1 
will deal with the production of specimens for 
testing in two sections, namely. Section 1 Enamelled 
sheet steel, and Section 2 Enamelled cast iron. 
Part 2 would deal with various test methods appli- 
cable to vitreous enamelled sheet steel and vitreous 
enamelled cast iron. The Committee also decided 
that Part 2 will have various sections and each 
section would deal with a particular test method. 
Sections 1 and 2 covering resistance to citric acid at 
room temperature and boiling temperature, and low 



and high voltage test for detecting and locating 
defects have already been published while Sections 3, 
4 and 5 covering resistance to boiling water and water 
vapour, resistance to thermal shock and resistance 
to hot alkali ( sodium hydroxide ), respectively are 
under print. 

0.3 In this section ( Part 2/Sec 6 ) of this standard, 
test methods for determining the reflectance ( 45°C, 
0°C directional reflectance ) and specular gloss 
( -{-45°^ -45° specular gloss ) have been prescribed. 

0.4 In reporting the result of a test or analysis made 
in accordance with this standard, if the final value, 
observed or calculated, is to be rounded off', it shall 
be done in accordance with IS : 2-1960*. 



♦Rules for rounding off numerical values ( revised ). 



1. SCOPE 

1.1 This Indian Standard ( Part 2/Sec 6 ) prescribes 
the methods of test for determining the resistance 
to reflectance ( 45°, O'' directional reflectance ) and 
specular gloss (+^5% -45° specular gloss) to 
vitreous enamels having sheet steel or cast iron as 
the base metal. 

2. TERMINOLOGY 

2.1 For the purpose of this standard, the definitions 
given in IS : 2717-1979* in addition to the following, 
shall apply. 

2.1.1 Daylight 45\ 0^ Luminous Directional 
Reflectance — This is the ratio of luminous flux 
from a specimen illuminated at an angle of 45° by 
CIE ( International Commission on Illumination ) 
standard source C { average daylight ) and viewed 



Perpendicularly by the CIE standard observer, to the 
luminous flux from the standard magnesium oxide 
layer, similarly illuminated and viewed. 

2.1.2 Blue Light Reflectance — This is the ratio 
of the light flux from the specimen illuminated at an 
angle of 45° by CIE standard source A, and viewed 
perpendicularly by a receptor whose response as 
equivalent to the Z function of the CIE standard 
observer, to the light flux from the standard 
magnesium oxide layer, similarly illuminated and 
viewed. 

2.1.3 Specular Gloss — The ratio of reflectance 
to incident light, multiplied by 1 000 for specified 
apertures of illumination and reception when the 
axis of reception coincides with the mirror image of 
the axis of illumination. 



♦Glossary of terms relating to vitreous enamelware and 
ceramic metal system ( first revision ). 



2.1.4 Plane 
containing the 
beams of light. 



of Measurement — The plane 
axes of illuminating and viewing 
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3. SAMPLING 

3.1 Representative samples of vitreous enamelware 
shall be drawn as specified in individual material 
specifications. 

4. TEST FOR REFLECTANCE ( 45°, 0' 
DIRECTIONAL REFLECTANCE ) 

4.0 General — This method covers procedures for 
determining the reflectance ( 45°, 0"* directional 
reflectance ) of enamelware. 

4.1 Apparatus — The apparatus shall consist of a 
reflectometer, either of visual or photoelectric type, 
having a light source, filter and receptor characteri- 
stics such that it will measure reflectance accurately 
to within TO percent of full scale reading. The 
apparatus shall have the following characteristics: 

a) Special Characteristics 

1) For measurement of daylight luminous 
reflectance — The spectral energy distribu- 
tion of the illuminator and the spectral 
sensitivity of the receptor, in combination, 
shall provide the equivalent of illumination 
by CIE standard source C and observation 
by CIE standard observer. 

2) For measurement of blue light reflec^ 
tance — The product of spectral energy of 
source, spectral transmission of filters and 
spectral response of receptor shall be 
equivalent to the product of the Z function 
of CIE standard observer multiplied by the 
energy distribution of CIE standard source 
A ( representative of incandescent lamp 
light ) such a combination shall have a 
maximum spectral response to energy of 
about 460 m/t. 

3) For measurement of reflectance for other 
kinds of light — The spoctrail characteris- 
tics of source, filter and photosensitive 
detector used to measure reflectance for 
other kinds of light shall be identified by 
the manufacturer's name and the type, or 
a suitable description shall be given. 

b) Geometric Characteristics — Illumination shall 
be within 4° of, and centred about, a direc- 
tion of AS^ from the perpendicular to the test 
surface. Viewing shall be within 15"* of, and 
centred about, the perpendicular. These 
conditions of illumination and observation 
may be interchanged without affecting the 
results. 

4.2 Standards 

4.2.1 Primary Standard — The primary standard 
reflectance measurement is a layer of magnesium 
oxide ( MgO ) freshly prepared according to the 



method described in Appendix A. It is assigned a 
value of 100 for the conditions of 45° illumination 
and perpendicular view. 

4.2.2 Secondary Standard — Vitreous enamelled 
metal plaques or other materials known to be 
reasonably permanent in reflectance and uniform 
over the surface may be calibrated and used as 
secondary reflectance standards. 

4.3 Test Specimens — Laboratory specimens, 
articles of commerce or sections cut from them may 
be tested I 5ee IS: 3972 (Partl/Sec 1 )-1982* and 
IS : 3972 ( Part 1/Sec 2 >1982t ]. The area to be 
tested shall be flat and reasonably free from surface 
defects, including the wavy condition known as 
orange peel. Laboratory specimens may be at least 
6'25 X 875 cm in size but specimens of 10 x 10 cm 
shall be preferred. 

4.4 Procedare 

4.4.1 Operate the reflectometer according to the 
manufacturer's instructions. 

4.4.2 Use a standard having a reflectance close to 
that of the test specimen. Use a green filter for 
luminous reflectance, a blue filter for blue light 
reflectance and other filters for other kinds of light. 

4.4.3 Obtain the readings for the standards and 
then for the specimens in turn, then take the 
readings of the specimens in the reverse order and 
finally that of the standards again. 

4.5 Calculation 

4.5.1 Calculate the mean value for the readings 
on each standard and specimen. 

4.5.2 Calculate the reflectance of each specimen 
according to manufacturer's instructions. Apply 
corrections for scale non-linearity, if available. In 
the absence of explicit instructions, specimen 
reflectance may be calculated as follows: 

where 

R = reflectance of specimen for the filter 
used, 

C = mean instrument reading for the 
specimen, 

Rs = reflectance assigned to the standard for 
the filter used, and 

b == mean instrument reading for the 
standard. 



♦Methods of test for vitreous enamelware: Part 1 
Production of specimens for testing, Section 1 Enamelled 
sheet steei ( first revision ). 

fMethods of test for vitreous enamelware: Part 2 
Production of specimens for testing, Section 2 Enamelled 
cast iron {first revision ). 
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4.6 Report 

4.6.1 Report values of reflectance in percent 
relative to magnesium oxide as 100. The result is 
described as '45% O'' directional reflectance'. When 
the green filter is used, the words, 'daylight lumin- 
ous' shall be inserted before the word 'directional'. 
In cases where blue or amber filters are used, the 
phrase Tor blue light' or 'for amber light', respec- 
tively shall be added after the word 'reflectance'. 

4.6.2 Report reflectance values to the nearest 0*1 
percent. 

4.6.3 Describe or otherwise identify the method of 
preparing laboratory specimens. 

4.6.4 Identify the reflectometer used by the 
manufacturer's name, the model and the serial 
number. 

5. TEST FOR SPECULAR GLOSS ( +45% -45' 
SPECULAR GLOSS ) 

5.0 General — The method may be used to compare 
the gloss of vitreous enameJJed specimens or to 
provide an index of acid or abrasion resistance by 
measurement of loss of gloss. 

5.1 Apparatus 

5.1.1 Instrumental Components ^ Tht apparatus 
shall consist of an incandescent light source and 
lens furnishing an incident beam of rays of required 
aperture, means for locating the surface of the 
specimen, and a receptor located to receive the 
required pyramid of rays reflected from the specimen. 
The receptor shall be a photosensitive device having 
maximum response near the middle of the visible 
region of the spectrum. 

5.1.2 Geometric Conditions — The axis of the 
incident beam shall be 45° from the perpendicular to 
the specimen surface. The axis of the receptor beam 
shall be coincident with the mirror image of the axis 
of the incident beam. A flat piece of polished black 
glass in the specimen position shall form an image of 
the source \n the centre of the receptor window. The 
angular dimensions of the source and the receptor 
shall be as specified below: 



Apertures 



Source 
Receiver 



In Plane of 

Measurement 

Degrees 

1-4 ± 0-4 
8*0 ± 01 



Perpendicular 

to Plane of 

Measurement 

Degrees 

30 i 1-0 
100 ± 0-2 



5.2 Specular Gloss Standards 

5.2.1 Primary Working Standards — Primary 
working standards shall be highly polished, plane, 
back-glass surfaces or surfaces of liquids for which 
the gloss is calculated from the angle of incidence 
and the refractive index of the material by using 
Fresnel's equation. Polished black glass of refractive 



index 1'540 shall be assigned a 45'' specular gloss 
value of 54'5. For the usual variation of refractive 
index of black glass, a change in index of 0*001 
changes the gloss reading by 014. 

5.2.2 Secondary Working Standards — Secondary 
working standards of ceramic tile glass, vitreous 
enamel, or other materials having hard and uniform 
surfaces, may be calibrated from the primary 
standards on a glossmeter determined to be in strict 
conformance with the requirements prescribed in 4.1. 

5.3 Test Specimens — Only surfaces of good plan- 
arity shall be tested, if possible, since surface 
warpage, waviness or curvature will affect test 
results seriously. 

5.4 Procedure 

5.4.1 Operate the glossmeter according to the 
manufacturer's instructions. 

5.4.2 Set the instrument to read the assigned gloss 
value of a highly polished working standard; then 
read the gloss of lower gloss standards having poorer 
image forming characteristics. If the instrument 
readings for the latter standards do not agree with 
the assigned values to within two gloss units, the 
instrument optics may require readjustment; this, 
preferably, should be done by the manufacturer* 

5.4.3 Measure the gloss of at least three portions 
of each specimen surface. This will givQ an indica- 
tion of gloss uniformity. 

5.5 Evaluation of Components of Specular Gloss — 

When required, an approximate evaluation of the 
two components of specular gloss may be made as 
follows. 

5.5.1 Body Reflected Components — Obtain an 
approximate evaluation of body reflected component 
of specular gloss by one of the following two 
procedures; 

a) Adjust a goniophotometer to read 45"" specular 
gloss; then illuminate the specimen perpendi- 
cularly and view it at 45" with the same 
receptor aperture as specified in 5.1.2. Read 
magnitude of the body reflected component 
( formerly called 'diffuse correction' ). 

b) Alternatively, measure the 45% 0"* luminous 
directional reflectance according to 4, and 
express this reflectance as a decimal fraction 
and multiply by 5*5 to obtain an approximate 
value for the body reflected component of 
specular gloss. 

5.5.2 Surface Reflected Component — Subtract the 
body reflected component from the measured specular 
gloss to obtain the surface reflected component. 

5.6 Report 

5.6.1 Report the average specular gloss reading of 
each specimen. When required, report the surface 
reflected and body reflected components separately. 
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5.6.2 K§jp^ the presence of any specimen for 
which portig|!lKi.of the test surface differ in gloss 
from the average by more than 10 percent of the 
average. 



5*6.3 Identify the glossmeter by the name of the 
manufacturer and model designation. 

5.6.4 Identify the standard used, if desired. 



APPENDIX A 

( Clause 42 A ) 
PREPARATION OF MAGNESIUM OXIDE STANDARD 



A-0. GENERAL 

A-0.1 This method covers the preparation of a 
magnesium oxide standard for calibrating apparatus 
used in determining the reflectance and spectral 
reflectivity of paper and paperboard. The smoke 
f4>m magnesium, freely burning in air, deposited on 
a satisfactory base, forms a uniform, finegrained, 
difiFusing surface of a high reflectance. This surface 
of magnesium oxide ( MgO ) may be made repro- 
ducible; hence, it serves as a convenient and reliable 
standard. 

A-1. MATERIM.S 

A-1.1 The following materials are required: 

a) Magnesium — The magnesium should have 
high purity and be either in the form of 
turnings approximately 0'5 mm in thickness 
and 3 mm in width, preferably of spiral shape, 
and containing a minimum of magnesium 
dust; or magnesium ribbon 0*15 mm in thick- 
ness and 3 mm in width. 

Note — Magnesium ribbon is preferred for small 
surfaces, and magnesium turnings for large 
surfaces. 

b) Base — The magnesium oxide shall be 
deposited on a surface not affected in air by 
the heat from the burning magnesium. A 
satisfactory base may be made of aluminium, 
block porcelain, sheet steel coated with white 
vitreous enamel, a baked surface of a sprayed 
mixture of magnesium oxide powder and 
distilled water or a block of magnesium 
carbonate. Milk or opal glass is often unsatis- 
factory because it easily cracks on heating, 
Depolished surfaces are better than polished 
because the oxide adheres better; for the same 
reason, metallic surfaces are usually preferred 
to non-metallic. Surfaces having reflectance 
high and uniform throughout the spectrum 
are better than dark of chromatic surfaces 
because with the former a thinner layer of 
oxide is trustworthy. The thinner layer is 
desirable, apart from speed of preparation 
because it does not chip off so readily. A 
hollow tray-like structure is recommended 
with a flat surface and a rim 1 to 15 mm 
in height to prevent the edges from chipping. 

A-2. PROCEDURE 

A-2.1 Combustion of Turnings — Place about 5 g of 
the turnings on a refractory disc approximately 10 
cm in diameter and 2*5 cm in thickness with a 
recess in the top face; vent holes through the disc 
may be desirable. Zirconium silicate and magnesite 



are suitable refractory materials for the disc. Ignite 
the turnings with a hand blow torch or Bunsen 
burner. Work the unignited chips beneath the flame 
with a silica rod until a slowly burning ball or 
clinker is formed; this gives a steady stream of 
smoke. When the clinker has to be turned over or 
broken, in order to permit the magnesium to burn 
completely, the surface being coated should be 
temporarily removed, since the burst of flame is 
likely to carry up large dust particles. 

A-2.2 Combustion of Ribbon — Cut the magnesium 
ribbon in a number of 25 cm lengths. Holding one 
end of a length of ribbon in pliers, wipe the ribbon 
with a freshly laundered cloth to remove surface 
impurities. Ignite the free end with a Bunsen burner, 
and hold the ribbon in an approximately horizontal 
position. When the ribbon has burnt to a point 
within about 2'5 cm of the pliers, drop it upon a 
metal or refractory surface below the work. Burn 
additional length of ribbon until the coating process 
is completed. 

Note — The operation should be carried out under 
a well-ventilated hood in order to dispose of the excess 
oxide. However, the current of air should not be such 
as to disturb either the iiame or the stream of smoke 
arising from the flame. The air of the room in which 
the coating is done should be as free as possible from 
dust and vapours. The operator's eyes should be 
protected from the high intensities of visible and 
ultraviolet radiant energy by suitable goggles or other 
means. 

A-2.3 Coating — Place the surface to be coated 
about 8 to 10 cm above the flame and tilted at 30"" 
to the horizontal. Use of smaller distances results 
in a coarse-grained deposit and risks contamination 
by possible impurities in the magnesium. The flame 
of the burning magnesium should not be allowed to 
'lick' the oxide surface. Alove either the combustion 
disc or the surface being coated from side to side in 
order to obtain a uniform deposit. Repeat the 
operation several times until a sufficient deposit is 
obtained. The layer should be so thick that further 
increase produces no sensible change in reflectance; 
the critical thickness is about 0*5 mm. Repeated 
deposits of thin coatings rather than the full 0*5 mm 
deposit at one time is recommended. Do not attempt 
to burn a large number of small charges. In cases 
where it is inconvenient to measure the thickness of 
the boating, place a small dot of India ink on the 
original surface near the edge, then deposit magne- 
sium oxide until the spot cannot be seen in good 
illumination. If the original surface is dark, put on 
one coat of magnesium oxide first; a deposit of black 
smoke ( from a candle or smoky gas flame ) in a small 
spot near the edge will then supply a similar test. 
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